Non-contact measuring method of pulse wave information based on conventional video and dynamic laser speckle by 郑益术
学校编码：10384 分类号 密级
学 号：23120141153134 UDC
硕 士 学 位 论 文
基于常规视频和动态激光散斑的非接触式
脉搏波信息感知方法
Non-contact measuring method of pulse wave information
based on conventional video and dynamic laser speckle
郑益术
指导教师姓名：黄朝红 副教授
专 业 名 称：电子与通信工程
论文提交日期： 2017 年 5 月
论文答辩时间： 2017 年 5 月
学位授予日期： 2017 年 月
答辩委员会主席：
评 阅 人：
2017 年 月
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦门大学学位论文原创性声明
本人呈交的学位论文是本人在导师指导下,独立完成的研究成
果。本人在论文写作中参考其他个人或集体已经发表的研究成果，均
在文中以适当方式明确标明，并符合法律规范和《厦门大学研究生学
术活动规范（试行）》。
另外，该学位论文为（ ）课题（组）
的研究成果，获得（ ）课题（组）经费或实验室的
资助，在（ ）实验室完成。（请在以上括号内填写课
题或课题组负责人或实验室名称，未有此项声明内容的，可以不作特
别声明。）
声明人（签名）：
年 月 日
厦
门
大
学
博
硕
士
论
文
摘
要
库
 厦
门
大
学
博
硕
士
论
文
摘
要
库
厦门大学学位论文著作权使用声明
本人同意厦门大学根据《中华人民共和国学位条例暂行实施办
法》等规定保留和使用此学位论文，并向主管部门或其指定机构送交
学位论文（包括纸质版和电子版），允许学位论文进入厦门大学图书
馆及其数据库被查阅、借阅。本人同意厦门大学将学位论文加入全国
博士、硕士学位论文共建单位数据库进行检索，将学位论文的标题和
摘要汇编出版，采用影印、缩印或者其它方式合理复制学位论文。
本学位论文属于：
（ ）1.经厦门大学保密委员会审查核定的保密学位论文，
于 年 月 日解密，解密后适用上述授权。
（ ）2.不保密，适用上述授权。
（请在以上相应括号内打“√”或填上相应内容。保密学位论文
应是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密
委员会审定的学位论文均为公开学位论文。此声明栏不填写的，默认
为公开学位论文，均适用上述授权。）
声明人（签名）：
年 月 日
厦
门
大
学
博
硕
士
论
文
摘
要
库
 厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要
I
摘要
非接触式脉搏波特征信息的光学测量方法是一种基于光学图像、激光散斑、
干涉测量等光学和计算机技术发展起来的远距离测量人体健康信息和识别活体
生命特征的技术方法。非接触式脉搏波方法，因其无侵入、无需直接接触人体皮
肤、无需昂贵设备等优点，在专业医学、个人健康监护、活体识别、灾难求援、
技侦等领域中都有着广阔的应用前景。
本论文主要研究了基于常规光学视频和激光散斑视频的非接触式脉搏波特
征信息测量方法和提取算法，为脉搏波特征参数的非接触式测量和感知提供了新
的思路和技术途径。测量和提取的脉搏波特征信息包括脉搏波频率（心率）、脉
搏波传播时延和脉搏波波形。通过对不同环境和身体状态下脉搏波相关参数的测
量并与理论数据进行比较分析，证实了基于常规视频和动态激光散斑分析的脉搏
波特征信息测量方法的可行性、准确性和可靠性。论文的主要工作如下：
（1）系统阐述了脉搏波特征参数测量的医学价值和现实意义，从脉搏波的
基本概念、形成原理和脉图的角度详细介绍了脉搏波的基本医学理论，并对脉图
中各特征点和曲线走势的医学意义做系统的阐述；对典型的非侵入式测量脉搏波
信号的光电脉搏容积描记法的实现原理进行分析，并对基于光电分析的接触式和
非接触式脉搏波频率测量方法和基本原理进行分析。
（2）进行了非接触式、自动化和智能化人体脉搏波频率测量的原理分析和
算法研究。实现了通过普通摄像头分析人脸皮肤微弱变化信息，准确快速测量人
体脉搏波频率。提出了通过人脸检测算法自动提取待检测皮肤区域，弱化复杂背
景图像；再利用最大类间方差法分离出目标皮肤区域和背景图像，提取原始目标
像素信息；利用图像腐蚀膨胀算法巩固并保证待测皮肤区域的准确性，实现全程
无需人工操作且人脸无需保持静止不动的全自动化，高鲁棒性脉搏波频率测量。
（3）进行了基于常规视频微变化的非接触式脉搏波时延测量方法的研究和
算法分析。提出通过频域分析法获取人体不同皮肤部位的脉搏波相位差异信息，
并将脉搏波传播至不同皮肤部位的相位差转化为时间延迟量，实现了通过视频微
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变化分析对脉搏波传播时延参数的提取。利用该方法，测量了不同环境和不同人
体机能状态下不同皮肤部位的人体脉搏波时延情况，分析不同情况下脉搏波时延
数据的变化趋势，并与医学理论比较分析，结果表明该方法测量人体脉搏波时延
的可行性和准确性。
（4）进行了基于常规视频微变化的非接触式脉搏波波形测量方法研究和算
法分析。在常规视频微变化分析和视频图像处理算法的技术基础上，通过分析皮
下血管中血红蛋白对不同光波段吸收程度不同造成的视频微变化，精确得到视频
每帧图像间通道像素值的差异情况，滤波得到与正常脉搏波波形非常接近的曲线
图形。并验证了测量所得的脉搏波波形图的准确性和可靠性。
（5）进行了基于激光散斑动态变化的人体脉搏波频率初步的实验研究。将
激光入射到人体裸露皮肤产生动态散斑，通过 CCD 摄像机以一定的帧率连续拍
摄散斑变化图样，MATLAB 分析每帧散斑图像亮度的变化情况，得到人体脉搏
波频率。动态散斑图样中的亮暗程度、形态变化、强度分布等特殊规律蕴含着生
物活性信息，通过数据分析散斑动态变化规律可提取人体脉搏波频率，并验证了
基于激光散斑动态变化测量人体脉搏波频率的可行性。
关键词：脉搏波；常规视频；激光散斑；非接触式
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Abstract
Non-contact optical measurement method of pulse wave information is a long
distance measuring human body health information and identifying characteristics of
living life technology，developing on the optical and computer technology of optical
image inspection 、 laser speckle 、 interferometry et al. Non-contact measurement
method of pulse wave, because of its advantages of no invasion, no contact with
human skin directly, no expensive equipment et al, has a broad application prospect in
the professional medical, personal health, living recognition, disaster assistance,
technical investigation et al.
This paper mainly researches the non-contact pulse wave information measuring
method and extraction algorithm based on the analysis of the optical video and laser
speckle video and the measured pulse wave parameters, which provides a new train of
thought and perception approach for the non-contact measurement and perception of
pulse wave parameters. Measured and extracted parameters of pulse wave include
pulse wave frequency (heart rate)、 pulse wave propagation delay and pulse wave
form,. Comparing the pulse wave parameters, measured under different environment
and body state, and theoretical data, it has confirmed the feasibility, accuracy and
reliability of the measuring methods of pulse wave information based on optical video
and laser speckle video. The main contents of this thesis are as follows:
（ 1 ） The medical value and practical significance of pulse wave parameter
measurement were system elaborated. The basic medical theory of pulse wave were
introduced in detail through the basic concept of pulse wave, the forming principle
and the pulse form, then the feature points of pulse form and line directions were
system elaborated; PhotoPlethysmoGraphy, typical noninvasive measurement of pulse
wave signal, was analyzed and the contact and non-contact method and basic
principle of pulse wave frequency were analyzed.
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（2）The principle analysis and algorithm research of non-contact, automatic and
intelligent human pulse wave frequency measurement were done. Pulse wave
frequency of human body were fast measured accurately through analyzing the faint
change information of face skin images collected by ordinary camera. It was put
forward that the skin area is extracted automatically by the face detection algorithm
and then weaken the complex background image; the skin area and background image
were isolated by the algorithm of OTSU, then original target pixel information were
extracted; Using image algorithm of corrosion and expansion to consolidate and
ensure the accuracy of the skin area under testing, it has achieved fully automated and
high robustness pulse wave frequency measurements that all the progress without
artificial operation and face need not remain motionless.
（ 3 ） The study and algorithm research of non-contact pulse wave delay
measurement based on conventional video micro change were done. It was put
forward that phase difference information of different human body skin were obtained
by frequency domain analysis method, and then the phase difference caused by the
pulse wave propagation to different parts of skin was transformed to the time delay. It
has achieved the extraction of pulse wave propagation delay based on the analysis of
the micro change video. And this method has measured the time delay of the pulse
wave of different skin parts were analyzed under different environments and different
states of human body. Analyzing the change trend of pulse wave delay data under
different conditions and it was compared with the medical theory analysis. The results
show that the method of measuring pulse wave delay gets its feasibility and accuracy.
（4）The study and algorithm research of non-contact pulse form measurement
based on conventional video micro change were done. Based on the micro change
analysis of conventional video and the technology of video processing algorithm,
video pixel differences between each frame image were obtained accurately through
analyzing the video micro change caused by different wavelengths light absorption
degree of hemoglobin in the blood vessel. And then a type of curve graphic which
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract
V
very similar to normal pulse wave was obtained by smoothing. The results have
verified the accuracy and reliability of the measured pulse form.
（5）The preliminary experiment research of pulse wave frequency based on
dynamic change of laser speckle were done. Laser incident to the human bare skin,
then dynamic laser speckle was generated. Speckle pattern was shoot continuously by
the CCD camera at a certain frame rate. Pulse wave frequency was obtained through
analyzing the brightness changes of per frame speckle image by MATLAB. The
brightness level、morphological changes、intensity distribution and other special rules
contain the biological activity information. Pulse wave frequency could be extracted
through analyzing the data change rules of dynamic laser speckle. The results have
verified the feasibility of pulse wave frequency measurement method based on
dynamic laser speckle.
Keywords: Pulse wave; Conventional video; Laser speckle; Non-contact
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